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SEMICONDUCTOR DEVICE WITH STACK 
ELECTRODE FORMED USING HSG 

GROWTH 

This is a divisional application of application Ser. No. 
09/392,660 ?led Sep. 9, 1999, the disclosure of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor device 
and a method of manufacturing the same, and more particu 
larly to a semiconductor device With a stack electrode 
formed using HSG (hemi-spherical grain) groWth and a 
method of manufacturing the same. 

2. Description of the Related Art 
A technique is knoWn in Which small unevenness is 

formed on the surface of a stack electrode using HSG groWth 
to increase a surface area of the stack electrode, resulting in 
increase of a memory capacitance. FIGS. 1A to IC shoW a 
conventional method of forming the stack electrode for a 
memory capacitor using the HSG groWth. 

First, as shoWn in FIG. 1A, an oXide ?lm 22 is formed on 
a silicon substrate 21. A capacitance contact hole is formed 
to pass through the oXide ?lm 22 to the silicon substrate 21. 
An amorphous silicon (a-Si) layer containing the impurity 
ions such as phosphorus ions is groWn at the temperature of 
500 to 550° C. using a SiH4 gas and a PH3 gas to have the 
?lm thickness of 200 to 1000 nm. For example, the amor 
phous silicon layer is processed to form an amorphous 
silicon ?lm 24 by use of a photolithography method and an 
etching method, to meet the shape of the stack electrode 
section. As a result, the stack electrode section composed of 
a stack section 20 and a capacitance contact section 23 is 
formed. 

NeXt, as shoWn in FIG. 1B irradiation of SiH4 and heat 
treatment are performed in vacuum at the temperature of 500 
to 600° C., so that nuclei 27 for HSG grains 11 are formed 
only on the surface of a stack electrode. The crystalliZation 
progresses from the interface betWeen the capacitance con 
tact section 23 and the oXide ?lm 22 toWard the surface of 
the stack section 20, at the same time as the formation of the 
HSG grains 11 progresses in the surface of the stack section 
20. This is because the groWth temperature of the HSG grain 
11 is near the crystalliZation temperature of the amorphous 
silicon. In this Way, crystalliZation section 25 is formed. 

NeXt, as shoWn in FIG. 1C, the HSG grains 11 are 
normally formed on most of the surface of the stack section 
20 at this time. HoWever, the crystalliZation from the inter 
face betWeen the contact section 23 and the oXide ?lm 20 
reaches the stack section surface partially, before all the 
HSG grains 11 are formed. Therefore, no HSG grains 11 are 
formed at the part 26 Where the amorphous silicon is 
crystalliZed. The part 26 remains as an HSG grain formation 
defect section. 

The stack electrode containing the HSG grain formation 
defect section has a smaller surface area, compared With the 
case Where the HSG grains 11 are formed on the Whole 
surface. The electrode surface area becomes small. For this 
reason, a charge quantity Which can be stored in a capacitor 
decreases so that the charge holding time becomes short in 
case of a DRAM operation, resulting in a fault bit. 
Therefore, it is necessary to restrain the defect of the HSG 
grains due to the crystalliZation from the interface betWeen 
the contact section 23 and the oXide ?lm 22. 
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2 
The crystalliZation of the amorphous silicon ?lm 

progresses faster as the phosphorus ion concentration is 
increased in the amorphous silicon ?lm. Therefore, as one 
method to prevent the crystalliZation, it could be considered 
that the phosphorus ion concentration is decreased in the 
phosphorus doped amorphous silicon ?lm 24 for the stack 
electrode. If this method is used, the generation of HSG 
grain formation defect section due to the crystalliZation can 
be effectively restrained. HoWever, there is a problem in this 
method that the surface area increase through the formation 
of the HSG grains 11 does not contribute to the increase of 
the memory capacitance. 

In order to suf?ciently restrain the crystalliZation, the 
concentration of the phosphorus ions in the ?lm must be 
made equal to or less than 1><102O cm_3. When an amor 
phous silicon With phosphorus ions doped in such loW 
concentration is used, the phosphorus ion concentration in 
the HSG grain decreases. Therefore, When voltage is applied 
to the memory capacitor, a depletion layer is formed to 
eXtend from the HSG grain so that the memory capacitace 
value decreases, as shoWn in FIG. 3. 

Therefore, When a phosphorus doped amorphous silicon 
With the loW concentration equal to or less than 1><102O cm'3 
is used, it is necessary that impurity ions are doped after the 
HSG grain formation to increase the phosphorus ion con 
centration in the HSG grain. Thus, the formation of the 
depletion layer because of HSG grains With loW impurity ion 
concentration can be restrained. HoWever, it is dif?cult to 
externally dope impurity ions into the inside of the stack 
electrode. In this case, because the phosphorus ion concen 
tration in the amorphous silicon remains loW, the contact 
resistance betWeen the stack electrode and the substrate 
becomes high. 

In conjunction With the above, in Japanese Laid Open 
Patent Application (JP-A-Heisei 6-204426) is described a 
method of forming a storage node electrode in a stacked type 
DRAM. In this reference, a contact hole is ?lled With a 
doped amorphous silicon and an undoped amorphous silicon 
is formed only on a stacked electrode. Therefore, a crystal 
liZation Would progress in a heat treatment. 

Also, in Japanese Laid Open Patent Application (JP-A 
Heisei 9-237877) is described a semiconductor device. In 
this reference, a polysilicon ?lm is formed on a substrate, 
and a doped amorphous silicon is formed on the polysilicon 
?lm. 

Also, in Japanese Laid Open Patent Application (JP-A 
Heisei 9-191092) is described a method of manufacturing a 
capacitor of a semiconductor device using a polysilicon ?lm. 
In this reference, an HSG ?lm is used for an electrode. 
HoWever, the contact hole is not ?lled With ?lms With 
different concentrations. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a semiconductor memory device With a stack electrode in 
Which any defect due to crystalliZation can be restrained 
With a loW contact resistance and generation of a depletion 
layer from an HSG grain can be prevented. 

Another object of the present invention is to provide a 
method of manufacturing the above semiconductor memory 
device. 

In order to achieve an aspect of the present invention, a 
semiconductor memory device includes a source/drain 
region of a MOS transistor, an interlayer insulating ?lm and 
a stack electrode section. The source/drain region is formed 
in a semiconductor substrate. The interlayer insulating ?lm 
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is formed on the semiconductor substrate to cover the 
source/drain region. The stack electrode section is formed to 
pass through the interlayer insulating ?lm to the source/drain 
region, and includes a contact section embedded in the 
interlayer insulating ?lm and a stack section above the 
interlayer insulating ?lm, the stack section having an uneven 
surface portion. An impurity ion concentration of the surface 
portion of the stack section is higher than that of an inside 
of the contact section. 
An impurity ion concentration of a contact portion con 

tacting the source/drain region of the contact section and the 
impurity ion concentration of the surface portion of the stack 
section are higher than that of the inside of the contact 
section. Also, the impurity ion concentration of the surface 
portion of the stack section is higher than that of the inside 
of the contact section and that of the contact portion of the 
contact section. 

Also, the uneven surface portion includes hemi-sphere 
gains. In this case, the uneven surface portion is connected 
to a contact portion contacting the source/drain region of the 
contact section through a portion Whose impurity ion con 
centration is higher than that of the other portion of the stack 
electrode section. Also, impurity of the surface portion is 
phosphorus ions or arsenic ions. 

In order to achieve another aspect of the present 
invention, a method of manufacturing a semiconductor 
memory device includes: 

forming an interlayer insulating ?lm on a semiconductor 
substrate to cover a source/drain region of a MOS transistor, 
the source/drain region being formed in the semiconductor 
substrate; 

opening a contact hole to pass through the interlayer 
insulating ?lm to the source/drain region; 

forming a silicon layer With a ?rst impurity ion concen 
tration to partially embed the contact hole along a side Wall 
of the contact hole; 

forming a doped amorphous silicon layer With a second 
impurity ion concentration on the silicon layer to embed the 
contact hole, the second impurity ion concentration being 
loWer than the ?rst impurity ion concentration; 

patterning the silicon layer and the doped amorphous 
silicon layer to produce a stack section above the interlayer 
insulating ?lm, a stack electrode section including the stack 
section and a contact section for the contact hole; 

performing heat treatment to form silicon hemi-sphere 
grains on a surface portion of the stack section; and 

externally doping impurity ions into the surface portion of 
the stack section to have a third impurity ion concentration. 

The third impurity ion concentration is higher than the 
second impurity ion concentration. Also, the third impurity 
ion concentration is higher than the ?rst impurity ion con 
centration. The ?rst impurity ion concentration is equal to or 
more than 1><102O cm_3. 

The step of forming a silicon layer may include forming 
an amorphous silicon layer. In this case, the amorphous 
silicon layer preferably has the second impurity ion concen 
tration equal to or less than 7><1019 cm_3. OtherWise, the 
amorphous silicon layer may be an undoped amorphous 
silicon layer. 

Also, the step of forming a silicon layer may include 
forming a polysilicon layer. 

The step of forming a silicon layer may include forming 
the silicon layer to have a ?lm thickness of 50 to 150 nm, 
and the step of forming a doped amorphous silicon layer 
may include forming the doped amorphous silicon layer to 
have a ?lm thickness of 200 to 1000 nm. 
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4 
In addition, the step of performing heat treatment may 

include performing the heat treatment in a vacuum condition 
While SiH4 is irradiated. 

Moreover, the surface portion of the stack section is 
preferably connected to the source/drain region though the 
silicon layer. 

In order to achieve still another aspect of the present 
invention, a semiconductor memory device includes an 
interlayer insulating ?lm, a contact ?lm With a ?rst impurity 
ion concentration, a crystalliZation preventing ?lm With a 
second impurity ion concentration and a conductive ?lm 
With a third impurity ion concentration. The interlayer 
insulating ?lm is formed on a semiconductor substrate to 
cover a source/drain region of a MOS transistor. The source/ 
drain region is formed in the semiconductor substrate. The 
contact ?lm contacts the source/drain region and is formed 
to partially embed a contact hole along a side Wall of the 
contact hole formed to pass through the interlayer insulating 
?lm to the source/drain region. The crystalliZation prevent 
ing ?lm is formed on the contact ?lm to embed the contact 
hole. The ?rst impurity ion concentration is higher than the 
second impurity ion concentration. The conductive ?lm is 
formed on a surface of the crystalliZation preventing ?lm 
above the interlayer insulating ?lm to have an uneven 
portion. 

Here, the third impurity ion concentration is preferably 
higher than the second impurity ion concentration. Also, the 
third impurity ion concentration is preferably higher than the 
?rst impurity ion concentration. In this case, the ?rst impu 
rity ion concentration is equal to or more than 1><102O cm_3. 
The contact ?lm includes either an undoped amorphous 

silicon ?lm, a less doped amorphous silicon ?lm, or a 
polysilicon ?lm. Also, the crystalliZation preventing ?lm 
includes a doped amorphous silicon ?lm. 

Also, the contact ?lm has a ?lm thickness of 50 to 150 nm, 
and the crystalliZation preventing ?lm has a ?lm thickness of 
200 to 1000 nm. 

In addition, the conductive ?lm includes hemi-sphere 
gains of silicon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to IC shoW cross sectional vieWs of a semi 
conductor memory device With a stack electrode manufac 
tured by a conventional method; 

FIGS. 2A to 2C shoW cross sectional vieWs of a semi 
conductor memory device With a stack electrode manufac 
tured by a method according to a ?rst embodiment of the 
present invention; 

FIG. 3 is a graph indicating comparison betWeen a semi 
conductor memory device manufactured by the method of 
the present invention and a semiconductor memory device 
by the conventional method in capacitance; 

FIGS. 4A to 4C are cross sectional vieWs of the semi 
conductor memory device With a stack electrode manufac 
tured by a method according to a second embodiment of the 
present invention; and 

FIGS. 5A and 5B are modi?cation eXamples of the 
semiconductor memory device manufactured by the method 
according to the second embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Next, the semiconductor memory device of the present 
invention Will be described beloW in detail With reference to 
the attached draWings. 
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Referring to FIG. 2C, in the semiconductor memory 
device of the present invention, a MOS transistor (not 
shoWn) having a gate electrode is formed on a silicon 
substrate 1. The MOS transistor has source/drain regions in 
the silicon substrate and one of the source/drain regions is 
shoWn With a reference numeral of 31 in FIG. 2C. An oxide 
?lm 13 as an interlayer insulating ?lm is formed on the 
silicon substrate 1 to cover the gate electrode and the 
source/drain region 31. A contact hole is formed to pass 
through the oxide ?lm 13 to the source/drain region 31. 

Subsequently, a phosphorous doped amorphous silicon 
?lm 7 is formed to cover inner Walls of the contact hole and 
a surface portion of the oxide ?lm 13. After the formation of 
the phosphorous doped amorphous silicon ?lm 7, a space 
remains in the contact hole. An undoped or less doped 
amorphous silicon ?lm (the undoped amorphous silicon ?lm 
16 in this example) is formed to ?ll the remaining space of 
the contact hole and to cover a surface portion of the doped 
amorphous silicon ?lm 7. The phosphorous doped amor 
phous silicon ?lm 7 and the undoped amorphous silicon ?lm 
16 are patterned by use of a usual photolithography method 
and an etching method. Thus, a stack electrode section 
comprising a stack section 3 and a contact section 2 is 
formed. 
HSG grains are formed on the surface portion of the stack 

section 3, i.e., the side Wall surfaces of the phosphorous 
doped amorphous silicon ?lm 7 and the undoped amorphous 
silicon ?lm 16 and the top surface of the undoped amor 
phous silicon ?lm 16. 
As described above, the semiconductor device 10 of the 

present invention includes a stack electrode section Which 
comprises the capacitor contact section 2 formed in the 
oxide ?lm 13 and the stack section 3 connected With the 
capacitor contact section 2. Small uneven portions 11 are 
formed on the surface portion of the stack section 3. Also, 
the impurity ion concentration in the region 6 for the small 
uneven portions 6 is higher than that in the inside region 5 
of the stack section 3 at least. Also, the impurity ion 
concentration in the amorphous silicon ?lm 7 is higher than 
that in the inside region 5 of the stack section 3 at least. 

Next, a method of manufacturing a semiconductor 
memory device according to an embodiment of the present 
invention Will be described beloW in detail With reference to 
FIGS. 2A to 2C. 

As shoWn in FIG. 2A, element separation ?lms and a gate 
insulating ?lm (both not shoWn) are formed on a silicon 
substrate 1. Subsequently, a gate electrode (not shoWn) is 
formed and then source/drain regions are formed by use of 
an ion implantation method. In this case, side Wall insulating 
?lms may be formed around the gate electrode. In this Way, 
a MOS transistor is formed as a memory cell transistor by 
use of the Well knoWn method. One of the source/drain 
regions is shoWn in FIG. 2A by 31. 

Next, an oxide ?lm 13 is formed as an interlayer insulat 
ing ?lm on the MOS transistor and the silicon substrate 1. 
Subsequently, a capacitor contact hole is formed to pass 
through the oxide ?lm 13 to the source/drain region 31. 
Subsequently, an amorphous silicon (a-Si) ?lm 7 containing 
phosphorous ions is groWn using a SiH4 gas and a PH3 gas 
to have the ?lm thickness of 50 to 150 nm. The amorphous 
silicon (a-Si) ?lm 7 covers the inner Walls of the capacitor 
contact hole and the surface of the oxide ?lm 13. In this case, 
a space remains in the capacitor contact hole. 

The concentration of the phosphorus ions in the amor 
phous silicon ?lm 7 is equal to or more than 1><102O cm_3. 
Thus, the amorphous silicon (a-Si) ?lm 7 has a high impurity 
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6 
ion concentration. Subsequently, an undoped amorphous 
silicon ?lm 16 is ?lled in the remained space of the capacitor 
contact 2. At the same time, the undoped amorphous silicon 
?lm 16 is formed on the amorphous silicon (a-Si) ?lm 7 to 
have the ?lm thickness of 200 to 1000 nm. Subsequently, the 
undoped amorphous silicon ?lm 16 and the amorphous 
silicon (a-Si) ?lm 7 are patterned by use of the usual 
photolithography method and etching method. 

In the above example, the ?lm 16 is undoped. HoWever, 
the ?lm 16 may contain less impurity ions. For example, the 
concentration of the phosphorus or arsenic ions as the 
impurity ions may be equal to or less than 7><1019 cm_3. In 
this case, the less doped ?lm 16 is formed at the temperature 
of 500 to 550° C. using SiH4 gas. Also, a polysilicon layer 
With impurity ions doped is formed in place of the amor 
phous silicon ?lm 7. HoWever, the amorphous silicon ?lm 7 
is superior in ?lm continuation, because the ?lm 16 is 
amorphous. 

Next, as shoWn in FIG. 2B, heat treatment is carried out 
in the vacuum at the temperature of 500 to 600° C. While 
SiH4 are irradiated. As a result, uneven portions, i.e., HSG 
grains having a mushroom shape are formed on the surface 
portion of the stack section 3 and the side Wall surface 
thereof above the oxide ?lm 13. 
At this time, crystalliZation 14 progresses from the inter 

face betWeen the oxide ?lm 13 and the capacitor contact 
section 2 toWard the surface portion of the stack section 3. 
At the same time, the HSG grains 11 are formed on the side 
Wall surface and top surface of the stack section 3. HoWever, 
because the phosphorus ion concentration is loW in the 
amorphous silicon ?lm 16, the crystalliZation stops inside 
the amorphous silicon ?lm 7. Thus, the crystalliZation does 
not reach the side Wall surface and top surface of the stack 
section 3. 

Next, as shoW in FIG. 2C, phosphorus or arsenic ions are 
externally doped into the HSG grains 11. As the method of 
doping the phosphorus or arsenic ions, there are phosphorus 
ion diffusion using POCl3 at the temperature of 700 to 750° 
C., heat treatment in the gas containing dopant such as PH3 
and AsH3 at the temperature of 650 to 750° C., and ion 
implantation of P and As. 

Through this doping, the peripheral portion 4 of the stack 
section 3 becomes loW in resistance, so that the peripheral 
portion 4 of the stack section 3 is electrically connected With 
the amorphous silicon ?lm 7. Also, enough phosphorous or 
arsenic ions are introduced in the HSG grains 11. As a result, 
the decrease of the memory capacitance due to the depletion 
layer extending from the HSG grains can be prevented. In 
this case, the doped impurity ions may be introduced into the 
inside 5 of the stack section 3. 
As the result of the above processes, 

(D because the amorphous silicon layer 7 contains the high 
concentration of phosphorus ions, the contact resistance 
betWeen the contact section 2 and the source/drain region 
31 is loW, 
@ because the phosphorus or arsenic ion concentration is 
loW in the amorphous silicon layer 16, the crystalliZation 
is sloW during the HSG groWth and the HSG crystalliZa 
tion defect section is dif?cult to be generated, and 
because impurity ions are externally doped after the HSG 
gain formation, enough dopants are introduced into the 
HSG grains so that the formation of the depletion layer 
from the HSG grain can be restrained and a portion of the 
HSG grains can be electrically connected With the amor 
phous silicon ?lm 7. 
In this Way, the doped amorphous silicon ?lm 7 functions 

as a contact ?lm, the undoped amorphous silicon ?lm 16 
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functions as a crystallization preventing ?lm. Also, the HSG 
gain layer 6 functions as a conductive layer. 

Next, the semiconductor memory device according to the 
second embodiment of the present invention Will be 
described beloW in detail With reference to the draWings 
FIGS. 4A to 4C. 

Referring to FIG. 4A, in the semiconductor memory 
device of the present invention, a MOS transistor (not 
shoWn) having a gate electrode is formed on a silicon 
substrate 1. The MOS transistor has source/drain regions 31 
in the silicon substrate. An oxide ?lm 13 as an interlayer 
insulating ?lm is formed on the silicon substrate 1 to cover 
the gate electrode and the source/drain region 31. Acontact 
hole is formed to pass through the oxide ?lm 13 to the 
source/drain region 31. 

Subsequently, the contact hole is buried With a phospho 
rous doped amorphous silicon ?lm or a polysilicon ?lm to 
form a contact plug 33. Then, an interlayer oxide ?lm 34 is 
formed on the contact plug 33 and the oxide ?lm 13 to have 
the ?lm thickness of 200 to 1000 nm. A contact hole is 
formed to pass through the interlayer-oxide ?lm 34 to the 
contact plug 33, and a second amorphous silicon layer is 
formed to cover the surface of the interlayer oxide ?lm 34 
and the inner surface of the formed contact hole. The 
phosphorus concentration of the amorphous silicon 36 is at 
least less than that of the contact plug 33, and more 
preferably, is undoped. The ?lm thickness of the amorphous 
silicon 36 is as small as 50 to 100 nm so that the contact hole 
is not completely buried. 

Next, as shoWn in FIG. 4B, the amorphous-silicon layer 
on the top of the interlayer oxide ?lm 34 is removed so that 
an amorphous silicon ?lm 36 is obtained. Then, HSG grains 
are formed by annealing in the vacuum at temperature of 500 
to 600° C. While SiH4 are irradiated. As a result, uneven 
portions, i.e., HSG grains having a mushroom shape are 
formed on the amorphous-10 silicon ?lm 36. 

Next, as shoWn in FIG. 4C, phosphorus or arsenic ions are 
externally doped into the HSG grains. As the method of 
doping the phosphorus or arsenic ions, there are phosphorus 
ion diffusion using POCl3 at the temperature of 700 to 750° 
C., heat treatment in the gas containing dopant such as PH3 
and ASH3 at the temperature of 650 to 750° C., and ion 
implantation of P and As. 

Through this doping, HSG grains are doped With large 
concentration of phosphorus or arsenic. Furthermore, 
because the ?lm thickness of the amorphous silicon ?lm 36 
is small, the phosphorus or arsenic ions penetrate through 
the amorphous silicon ?lm 36 and reach the contact plug 33. 
As a result, the amorphous silicon ?lm 36 is electrically 
connected to the contact plug 33 and also to the source/drain. 
As described above, the dopant concentration of the 

amorphous silicon ?lm 36 at the HSG grain formation is 
small, so that crystalliZation defects during HSG formation 
Will not occur. 

The interlayer oxide ?lm 34 may be removed before the 
HSG formation. In this case, as shoWn in FIG. 5A, the HSG 
grains are formed both on the outer- and inner-surface of the 
amorphous silicon ?lm 36. Subsequently, as shoWn in FIG. 
5B, phosphorus or arsenic ions are externally doped into the 
HSG grains. 
What is claimed is: 
1. A semiconductor memory device comprising: 
a source/drain region of a MOS transistor, said source/ 

drain region being formed in a semiconductor sub 
strate; 

an interlayer insulating ?lm formed on said semiconduc 
tor substrate to cover said source/drain region; and 
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8 
a stack electrode section formed to pass through said 

interlayer insulating ?lm to said source/drain region, 
and including a contact section embedded in said 
interlayer insulating ?lm and a stack section above said 
interlayer insulating ?lm, said stack section having an 
uneven surface portion, 

Wherein an impurity ion concentration of said surface 
section of said stack section is higher than that of an 
interior portion of said stack section. 

2. A semiconductor memory device according to claim 1, 
Wherein an impurity ion concentration of a contact portion 
contacting said source/drain region of said contact section 
and said impurity ion concentration of said surface portion 
of said stack section are higher than that of said inside of said 
contact section. 

3. A semiconductor memory device according to claim 1, 
Wherein said impurity ion concentration of said surface 
portion of said stack section is higher than that of said inside 
of said contact section and that of said contact portion of said 
contact section. 

4. A semiconductor memory device according to claim 1, 
Wherein said uneven surface portion includes hemi-sphere 
gains. 

5. A semiconductor memory device according to claim 4, 
Wherein said uneven surface portion is connected to a 
contact portion contacting said source/drain region of said 
contact section through a portion Whose impurity ion con 
centration is higher than that of the other portion of said 
stack electrode section. 

6. A semiconductor memory device according to claim 4, 
Wherein impurity of said surface portion is phosphorus ions 
or arsenic ions. 

7. A semiconductor device having an electrode compris 
ing: 

a contact section formed in an interlayer insulating ?lm 
Which is provided on a semiconductor substrate; and 

a stack section connected With said contact section, and 
Wherein said stack section has a surface region in Which 

an HSG layer is formed, and 
an impurity concentration of said surface region is higher 

than that of an interior portion of said stack section. 
8. A semiconductor device having an electrode compris 

ing: 
a contact section formed in an interlayer insulating ?lm 
Which is provided on a semiconductor substrate; and 

a stack section With a surface region connected With said 
contact section, and 

Wherein said stack section has a surface region in Which 
an HSG layer is formed, and 

an impurity concentration of said contact surface region 
and said stack section surface region is higher than that 
of an interior portion of said stack section and an 
interior portion of said contact section. 

9. A semiconductor device having an electrode compris 
ing: 

a contact section formed in an interlayer insulating ?lm 
Which is provided on a semiconductor substrate; and 

a stack section connected With said contact section, and 
Wherein said stack section has a surface region in Which 

an HSG layer is formed, and 
an impurity concentration of said stack section surface 

region is higher than that of an interior portion of said 
stack section and an interior portion of said contact 
section. 


